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Chapter I describes the background of the study. Occupational airbome exposures play
a role in the occurrence of obstructive airway diseases. It is generally accepted that
exposure to dust or to sensitising vapours, are causally related to these diseases. For
fumes, gases and vapours with an irritating effect, this relation is less clear. In recent
years, an important topic in respiratory research was whether airway hyperresponsiven-
ess was a risk factor that precedes and predisposes to the development of obstructive
airway diseases, or conversely a manifestation of an exposure effect, such as airway
inflammation and airway narrowing. In case of exposure to airway irritants this means,
in the first case, that preferentially subjects with airway hyperresponsiveness develop
respiratory health problems. Whereas, in the second case, airway hyperresponsiveness
develops at the same time as, or after the occurrence of respiratory health problems.
A longitudinal study among workers airway irritants, was conducted between 1989 and
1992. For this thesis, the following research questions have been formulated:
1. Is in an occupational population, the use of a short histamine challenge test for
assessing airway responsiveness, afe and acceptable, and what is the prevalence
of the side-effects of the test?
2. Have subjects exposed to airway irritants more often airway hyperresponsiveness
than non-exposed subjects, measured by a histamine challenge test, and is this
associated with smoking, chronic respiratory symptoms, or a history of allergy?
3. Have subjects exposed to airway irritants more chronic respiratory symptoms
and/or more often a low level of pulmonary function than non-exposed subjects,
and is this associated with smoking, airway responsiveness or a history of
allergy?
4. Have subjects exposed to airway irritants more often work-related symptoms
such as respiratory symptoms and nasal symptoms than non-exposed subjects,
and is this associated with smoking, airway responsiveness or a history of
allergy?
5. Have subjects exposed to airway irritants, smokers, or subjects with chronic
respiratory symptoms, airway hyperresponsiveness or a history of allergy, more
and/or longer sickness absences, with special reference to absence due to
respiratory symptoms?
For these research questions, the data of the baseline survey performed in the period
April-Juli 1989, and the data of the sickness absences, concerning the two year period
October 1989 - October 1991. have been used.
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Chapter 2 describes briefly the company, the work environment and the study
population. The company is composed of five production plants' and it produces
synthetic fibres and yarn. A total of 909 male workers were invited to participate in the
health survey. on the basis of job titles and working department, the exposure status of
all workers was characterised. The workers were divided into seven groups'
I . ReJerence group.. w orkers who are not subjected to exposure to airway irritants;
2. wltite collar group: Cleical workers and workers who are not directly involved
in the production of the yarn and fibres;
3. SO2, H2SO4, HCI group: Workers who can be SOt and HCI vapour and H'SO,
and HCI aerosols;
4 .Po l yes te rvapou rg roup :Worke rswhocanbeVapourso f the rmodegrada t i on
productsoftheproducedpolyesterpolymerlikealdehydevapours,todiphenyl--
diphenyloxide vapour and to ethylene glycol vapour;
5. Oil mist and oil vapour Sroup:Workers who can be (synthetic) oil mist and oil
vapour;
6. Polyamide and polyester vapour group" Wotkers who can be vapours ot
thermodegradation products of the polyamide- and polyester polymer and to
lactam vapour;
l .Mu l t i p l eexposu reg roup :Ma in tenanceeng inee rswhohavemu l t i p l eexposu res
depending on location within the plant and the type of work'
The overall measured exposures to the airway irritants were relatively low' and on
average well below the Dutch Threshold Limit Values'
chapter 3 evaluates the use of an inhalation test for measuring the airway responsive-
ness in this occupational population. A standard tidal breathing method was abbreviated'
for the purpose of having a test that was faster and less tiring than the full test with
doubling concentrations from I to 32 mg/ml histamine. This was achieved by 
(l)
starting with a higher concentration for subjects with no indication of increased airway
responsiveness; (2) by skipping a concentration if the decrease in forced expiratory
volume in one second (FEV,) was less than 6Vo' and (3) by stopping the test when the
fa l l i nFEV 'wasa t l eas t l 8To ins teado f thecommonused20To .APC20wasde f i nedas
the provokrng concentration of histamine producing a 2o7io fall in FEV, ' Data from 697
subjects of the baseline study could be used'
We evaluated the occurrence of excessive decreases in FEV1 after challenge (= a fall in
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FEV, of more than 307o), and the time needed to complete the test. All subjects with
a PCro value of 4 mg/ml histamine or less (n=16) were identified by the seiection
criteria. They had to start at I mg/ml. No large falls in FEV, occurred after a 4-fold
increase in concentration. In 20 subjects the test was stopped at 18 or l9o/oFEY.fall.
This prevented a more severe bronchoconstriction. Five subjects did have an excessrve
bronchoconstriction (fall in FEV, of >40Vo - 50Vo), but this occurred after a doubling
concentration. The time saving aspect was maximal in 56Vo of the subjects who had a
provocation scheme of phosphate solution 4, 16 and 32 mglml histamine.
Data of the follow-up survey were used to describe the occurrence of side-effects of the
challenge test. During that survey, side-effects were systematically registered. The
proportion of the 102 tested subjects that reported one ore more side-effects was high,
4lVo. Chest tightness was most prevalent (26Vo), followed by flushing (l8Eo), significant
cough reaction (5Vo), hoarseness (4Vo), throbbing headache (l%o) and not feeling well
(17o). Chest tightness, due to airway narrowing, and not feeling well, caused by repeated
spirometric manoeuvres can be considered as conrplaints that occurred independent of
histamine. Whereas the other complaints might have occurred less often when metha-
choline was used.
Chapter 4 discusses whether subjects exposed to low levels of irritants had more often
hyperresponsive airways than non-exposed subjects. A total of 790 subjects participated
in the survey (response 87Vo). Data from 668 subjects were used for the analysis.
Airway hyperresponsiveness, defined as a 20Vo fall in FEV, at 332 mg/ml histamine,
was present in 23Vo of the subjects. Workers who were exposed did not have more
frequently hyperresponsive airways than non-exposed workers. Subjects with a low
FEV,, or a history of allergy, or chronic respiratory symptoms, did have significantly
more often hyperresponsive airways. Subjects from the SO, group and the oil mist group
with five years of exposure or less, had a lower prevalence of airway hyperres-
ponsiveness (respective ORs of 0.6 and 0.3). This was most likely due to pre-employ-
ment procedures in the five years prior to this study. There was some trend for subjects
with more than 5 years of exposure to polyester vapour and to oil mist and oil vapour
to have a higher prevalence of airway hyperresponsiveness (respective ORs 2.3 and2.l).
This may partly be caused by exclusion of subjects from analysis. No additional
information was obtained by using the continuous dose-response slope variable (=
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ToFEY, fall per mglml histamine) as compared with the analysis with the dichotomous
airway hypenesponsiveness variable (yes/no).
Chapter 5 deals with the question whether workers who were exposed, had more often
chronic respiratory symptoms (defined as chronic cough, chronic phlegm, bronchitis
periods, dyspnoea, wheeze, and/or ever asthmatic attack) and/or a lower level of lung
function than the workers who were not exposed. The following lung function
parameters were evaluated: FVC (forced volume capacity), FEV, (forced expiratory
volume in one second) and MMEF (maximum mid expiratory flow).
One or more chronic respiratory symptoms were reported by 26Vo of the subjects.
Workers from the SOr, HCl, HrSOo group had a lower prevalence of one or more
symptoms as compared with the reference group (OR=0.6), most likely due to
pre-employment procedures. The other exposure groups were associated with a higher
prevalence of symptoms (range ORs 1.5-2.6). The association between exposure and a
higher prevalence of symptoms was greater in smokers than in ex-smokers and
non-smokers. This difference was most clearly seen in the polyester vapour group and
the polyamide and polyester vapour group: with respective ORs of 2.2 and 4.0 for
smokers as opposed to 0.2 and <0.1 for never smokers. No such modification of the
association between exposure groups and the prevalence of symptoms by airway
hyperresponsiveness, or by a history of allergy could be demonstrated. Current smoking,
airway hyperresponsiveness, and a history of allergy were significantly associated with
a higher prevalence of chronic respiratory symptoms, independent of each other, and
independent of irritant exposure.
The exposure groups were not significantly associated with a lower level of lung
function. Adjustment for chronic respiratory symptoms did not change the results. We
found no indication of a possible interaction between exposure and current smoking,
airway hyperresponsiveness, or a history of allergy on level of lung function. Workers
from the polyester vapour group and the oil mist group with more than l0 years of
exposure, had a lower FEV, and a significantly lower MMEF than the reference group.
However, the number of workers of both groups were small (n=10 and n=13,
respectively).
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In chapter 6 an analysis is presented of whether workers exposed to irritants reported
having more than usual eye, nasal or respiratory symptoms during work, than
non-exposed workers. The overall prevalence of these work-related symptoms were:
cough9Vo, phlegm 6Vo; dyspnoeaTVo,wheeze2Vo',ele symptoms 16%o;nasal symptoms
157o. Exposure to airway irritants was significantly associated with the presence of these
symptoms, independent of airway hypenesponsiveness, moking, allergy by history and
chronic respiratory symptoms. We investigated wether smokers, subjects with airway
hyperresponsiveness, or subjects with a history of allergy reported more work-related
symptoms than those without these characteristics. For this purpose, exposure status was
dichomatized into exposed and non-exposed. The ORs for exposed were 4.8 for cough
and/or phlegm, 3.8 for dyspnoea and,/or wheeze, 5.3 for eye symptoms, and2.'l for nasal
symptoms. Stratified analysis showed that these associations of exposure with
work-related symptoms were stronger for subjects with hyperresponsive airways than
for subjects with no hyperresponsive airways. The association with dyspnoea and/or
wheeze was also stronger for smokers than for ex-smokers and non-smokers. In contrast,
the association between exposure and a higher prevalence of symptoms was stronger for
subjects who did not report a history of allergy than for subjects with a history of
allergy. This is most likely due to the relatively high prevalence of background
work-related symptoms in (non-exposed) allergic subjects.
In chapter 7 we studied prospectively the sickness absence of the workers with respect
to their respiratory health. Exposure was characterised as exposed and non-exposed.
Data from 653 subjects were available for analysis. On average, a worker was absent
two times a year due to illness. Respiratory symptoms were the most prevalent reason
for sickness absence (28Vo). Altogether 6.7Vo of the calender days per year were lost.
Exposed workers were not more often absent than non-exposed workers, both for all
absences as for absence due respiratory symptoms. Results suggested that exposed
smokers have an increased risk for being absent from work because of respiratory
symptoms as opposed to exposed non-smokers. For non-exposed subjects, smokers were
less often absent because of respiratory symptoms than non-smokers. Subjects with a
history of allergy, with airway hyperresponsiveness, or with work-related symptoms
were more often absent because of respiratory symptoms. Lower level of lung function
was associated with more absence. This association was not significant, because of its
relation with airway hyperresponsiveness. As for the frequency of being absent due to
170 Suntmary
any illness, generally the same associations, though smaller in magnitude, were found
with these respiratory health variables. This indicates that respiratory health parameters
are associated with health in general. Age was a significant predictor of being absent.
The known finding that the older the age, the less often absent, was also true for this
population. But, it applied only for subjects who did not report chronic respiratory
symptoms. For symptomatic subjects, the frequency of being absent did not decrease or
increase with age. With regard to all sickness absence, smokers were absent more often
than non-smokers, and this was independent of the exposure. Age was the only
significant predictor for the duration of sickness absence. The older the subject, the
longer the duration.
In chapter 8 a general discussion is presented. Several factors that might have had an
effect on the results of this study, are discussed, such as exposure characterisation, the
power of the analyses, healthy workers effect and selection due to the str,rdy itself. The
study resulted in the following conclusions:
1. The applied short histamine challenge test for assessing airway responsiveness
2a*.
is safe and acceptable in an occupational population, although the prevalence of
side-effects was high.
The airborne exposures as encountered in this study were associated with a
higher prevalence of chronic respiratory symptoms among exposed workers, but
no overall associations were found with a lower level of lung function or a
higher prevalence of airway hyperresponsiveness.
Airborne exposure as encountered by the polyester vapour group and the oil mist
and oil vapour group, may result in a lower level of lung function and a higher
prevalence of airway hyperresponsiveness among the exposed workers, provided
the exposure lasted more than l0 years.
No indication was present that airway hyperresponsiveness is a risk factor for
permanent respiratory health effects of exposure.
Exposed smokers are more at risk for developing chronic respiratory symptoms
than exposed non-smokers.
The airborne exposures as encountered in this study incite acute work-related
cough, phlegm, dyspnoea, wheeze, nasal symptoms and eye symptoms. With
respect to these symptoms, subjects with a history of allergy and subjects with
airway hyperresponsiveness are more at risk. Smoking appears to be a risk factor






The exposure is not associated with temporary health problems defined as more
sickness absence due to any illness and absence due to respiratory symptoms or
longer spells of absence,
with the exception for smokers. Exposed smokers seemed to have an increased
risk for being absent due to respiratory symptoms as opposed to exposed
non-smokers.
Chronic respiratory symptoms, work-related symptoms, a history of allergy and
airway hyperresponsiveness are associated with a higher frequency of sickness
absence, both due to any illness and due to respiratory symptoms.
Subjective respiratory health measures, such as reported allergic symptoms,
chronic respiratory symptoms or work-related symptoms were more strongly
associated with more absence due to respiratory symptoms, than the objective
health parameters airway hypenesponsiveness and a lower level of lung function.
Generally, smokers are more often, but not longer, absent than non-smokers. In
the absence of exposure to irritants, smoking is not associated with a higher
frequency of absence due to respiratory symptoms.
The interaction of the association between age and chronic respiratory symptoms
on the level of sickness absence, indicates a change in the role of these
symptoms with increasing age.
These conclusions may, to some extend, be limited by:
the low level of the current airborne exposures;
the higher level of airborne exposure in the past (workers with more than 10
exposure years);
the short maximal duration of exposure (SO,, H2SO4, HCI group; the relatively
young age of the study population);
pre-emloyment selection of workers with no asthma like symptoms in the five
years prior to this study (SO2, H,SO4, HCI group; oil mist and oil vapour group);
the relatively small proportion of workers with a long duration of current
exposure due to (1) reorganizations and early retirement, and (2) exclusion of
older subjects with incomplete data from analysis;








This study could not demonstrate an adverse effect of exposure to low levels of airway
initants on a number of lung function outcome measures. However, the higher
prevalence of chronic respiratory symptoms and work-related symptoms indicate that the
exposure encountered, has inciting properties.
